Robustness of network of networks (NON) has been studied only for dependency coupling (J.X.
I Introduction
In recent years, much progress has been made in the field of complex networks [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Most of the research have focused on isolated networks that do not connect with or depend on other networks [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, most real-world infrastructures are not isolated, are often interconnected, or interdependent, or both. Leicht and D'Souza [20] studied the percolation of interacting networks by introducing a multi-dimension generating function, and found that the interconnected links make the system more robust. Three years ago, robustness of two coupled interdependent networks have been investigated based on percolation theory [21, 22] . They found that the system becomes extremely vulnerable because of the dependency coupling. Later, Gao et al. [23, 24] developed a generalized framework to study percolation of the "network of networks" (NON). Their findings show that the percolation theory of a single network is a limiting case of a more general case of percolation of interdependent networks. However, in real scenarios, specific nodes (hubs) in one network are not always against random attacks, but malicious attacks. For subsequent study, the above theories on robustness of interdependent networks under initial random attacks have been made significant extention to targeted-attack case very recently [25, 26, 27] . As we known, in interdependent networks, when nodes in one network fail, the interdependent links carry the failure to nodes in the other networks, and this may happen recursively, and cause the networks splitting into many clusters. Only nodes belonging to the giant *gago999@126.com cluster of the network are still functional. But for systems in our real life, there they usually contain both two types of inter-links, inter-connectivity links and inter-dependency links. When the cascading failure happen, those small clusters disconnected with the giant component in one network can still be functional through interconnected links, that connecting them to the giant component of other networks. This is one of the reasons why the real-world networks are not that easy to collapse. The percolation of two partially coupled networks with both interdependent and interconnected links has been studied by Hu et al. [28] .
In this work, we study analytically and numerically the percolation of a star-like NON under no-feedback condition, which is interdependent and interconnected coupled [see Fig. 1 [29] . In addition, the connectivity links within network i and between networks i and l j can be described by degree distribution 1 ,...,... ,..., ,..., 
we introduce the generating function of the underlying branching processes, 
where
and if , 
Substituting Eqs. (5) and (6) into Eqs. (1) and (2), we obtain
III Star-like NON under no-feedback condition
For the case of a partially coupled star-like NON [ Fig. 1 (
From the definitions of ,i P  , we get
We verify our theory, Eq. (11), by comparing theoretical predictions with simulation results for different coupling strength q , as shown in Fig. 2 . Additionally, from Fig. 2 , we observe that the giant components of the central and surrounding networks undergo from second order to first order phase transition as q increases. In further, by analyzing the graphical solution of Eq. (10), a critical line can be found for different n , k and K . When the coupling is strong ( 0.8 q  in Fig. 3 ), the starlike NON shows a first order phase transition. When the coupling is weak ( 0.1 q  in Fig. 3 ), the starlike NON exhibits a second order phase transition. Note that for the same q , the central network becomes less robust when n increases, but more robust when k or K increases.
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